Amputees who wish to rid themselves of a phantom limb must weaken the neural representation of the absent limb. Conversely, amputees who wish to replace a lost limb must assimilate a neuroprosthetic with the existing neural representation. Whether we wish to remove a phantom limb or assimilate a synthetic one, we will benefit from knowing more about the developmental process that enables embodiment. A potentially critical contributor to that process is the spontaneous activity -in the form of limb twitches -that occurs exclusively and abundantly during active (REM) sleep, a particularly prominent state in early development. The sensorimotor circuits activated by twitching limbs, and the developmental context in which activation occurs, could provide a roadmap for creating neuroprosthetics that feel as if they are part of the body.
Our Bodies, Our Selves
Embryonic limbs begin as small buds protruding from the body wall. Over time, these buds differentiate into limbs that enable walking, running, reaching, grasping, hugging, and touching. To support such diverse functions, fully developed limbs are highly complex systems composed of multiple joints set in motion by distinct muscles, a proprioceptive sense provided by muscle spindles and Golgi tendon organs, and diverse receptors for touch and vibration [1] . Moreover, the machinery of the limb is integrated at many levels with the even more complex neural circuitry of the spinal cord and brain. When this process of integration is done well, we accept each limb as a part of us. We sense that we 'own' it. This sense of body ownership and the neural machinery that supports it constitutes a body schema (see Glossary) [2] .
Inherent in the notion of a body schema is the intertwining of mind and body. In contrast with the view that the mind can be understood without consideration of the body, an embodied perspective emphasizes the critical contributions to mind of such factors as sensory-motor coupling, body morphology, and physical constraint [3] . In other words, although minds control aspects of the body, bodies also shape the mind [4, 5] .
Today, the concept of embodiment is informing the creation of biologically inspired robots [6] . But even the most sophisticated robots still do not experience one of the most foundational of all biological processes -development. Although development may not seem like a particularly important process for a robot, the central idea behind the emerging field of developmental robotics is that a contemporary robot -precisely because it does not develop -can never achieve the flexibility and adaptability required for life in a growing, ever-changing body [5,7-9].
Trends
Myoclonic twitches, the discrete and spontaneous limb movements that occur exclusively during active sleep, are not mere by-products of a dreaming brain.
Recent research in infant rats suggests that sensory feedback from twitching limbs, by sequentially activating sensorimotor circuits in the spinal cord and brain, contributes to the assimilation of growing limbs into the developing nervous system. Such insights into the origins of embodiment help us understand a phenomenon like phantom limb, especially in those cases where phantoms occur despite the loss of a limb at or before birth.
If we fully understand the developmental process by which limbs are normally assimilated, we will be better able to design neuroprosthetics for adult amputees that feel like natural limbs.
